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Networks are used in many different fields to
model interactions between objects (people, com-
puters, etc.). The structure of a network is en-
coded in the connections (edges, links, bonds) be-
tween nodes (vertices, sites, actors), and under-
standing network structure provides insight into
network function. For example, in epidemiology,
a vaccination program can be guided by identi-
fying the people who interact the most with oth-
ers (the super-spreaders). In distributed comput-
ing, network structure plays a key role in design-
ing an optimal partition of a parallel process. In
many biological and infrastructure networks, ro-
bustness appears to be closely connected with net-
work structure.

We study network structure by using the dy-
namics of differential equations to identify key
structural features. For classical partial differen-
tial equations, it is well known that domain geom-
etry (for example, shape and dimension) greatly
affects the nature of solutions. The same is true
for networks, and we use this to characterize var-
ious network properties.

For example, the dynamics of a bistable
reaction-diffusion equation on a network allow
one to distinguish between small groups of highly
connected nodes and larger groups of highly con-
nected nodes. The resulting evolution is a compe-
tition between two terms: a diffusion term driv-
ing the solution to uniformity, and a reaction term
driving the solution into one of two (or more)
states. Connections between nodes determine
how diffusion affects the dynamics, and highly
connected clusters of nodes evolve to the same
state, as shown in the figure.

We chose differential equations with interesting
and well-studied solutions in the continuum case,

The extraction of network structure using dynam-
ics is displayed on a simple network made from
connected cliques — collections of nodes with ev-
ery pair connected. The value at each node is
governed by a reaction-diffusion equation, and
the color of the vertex shows the sign (positive
or negative) of the value at equilibrium. The dy-
namics are different on larger cliques (uniform
solution) than on smaller cliques (nonuniform so-
lution). This property can be used to find com-
munities, modular units, or clusters in arbitrary
networks.

and where interface dynamics are determined by
mean curvature. On a network, the motion of in-
terfaces (or lack thereof) is used to identify struc-
ture of the network. In contrast to the continuum
dynamics, the inherent discreteness of networks
can cause sharp interfaces to lock up. We com-
pare classical theoretical results with numerical
results in the discrete case.

This work provides fundamental insights into
how network structure affects network dynamics
and suggests novel algorithms to compute struc-
tural properties of networks.
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